Neutrino losses from proto-neutron stars play a pivotal role to decide if these stars would be crushed into black holes or explode as supernovae. Recent observations of subluminous Type II-P supernovae (e.g., 2005cs, 2003gd, 1999br, 1997D) were able to rejuvenate the interest in 8-10 M⊙ stars which develop O+Ne+Mg cores. Simulation results of O+Ne+Mg cores show varying results in converting the collapse into an explosion. The neutrino energy loss rates are important input parameters in core collapse simulations. Proton-neutron quasi-particle random phase approximation (pn-QRPA) theory has been used for calculation of neutrino energy loss rates due to 24 Mg in stellar matter. The rates are presented on a detailed density-temperature grid suitable for simulation purposes. The calculated neutrino energy loss rates are enhanced up to more than one order of magnitude compared to the shell model calculations and favor a lower entropy for the core of these massive stars.
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AICs due to the limited mantle mass and steeply declining accretion rate. The ultimate fate of these white dwarfs are dependent on many factors, e.g. temperature of the environment, the mass accretion rate on the newly formed white dwarf, the mass of each partner white dwarf [7] and rapid electron capture rates [8] . The occurrence rate of the AIC of white dwarfs is not determined reliably, and are not expected to occur more than once per 20 -50 standard Type Ia events (see for example [7] ).
Supernovae are also tipped in as probable sites for the r-process. The production site of the heavy r-process nuclei is associated with the accretion-induced collapse of an oxygen-neon-magnesium (O+Ne+Mg) white dwarf in a binary system (e.g. [9] ) or Type-II supernovae from 8-10 M ⊙ (e.g. [10] ). These 8-10 M ⊙ stars form an electron-degenerate O+Ne+Mg core that does not undergo further nuclear burning. A few collapse simulators (e.g. Hillebrandt et al. [11] ) demonstrated that the collapsing O+Ne+Mg core explodes promptly. Others (e.g. Woosley and Baron [12] ) showed that the shock generated at core bounce stalls rather than leading to a prompt explosion. Delayed explosion scenario of these cores was also reported (e.g. Mayle and Wilson [13] ). Wheeler and collaborators [14] have suggested that the exploding O+Ne+Mg core could be a viable site for the r-process. However the question of whether O+Ne+Mg cores can explode hydrodynamically continues to be argued. For example, Gutiérrez et al. [15] argued that the abundance of 24 Mg was considerably reduced in updated evolutionary calculations. However the procedure adopted by them was not fully consistent as they kept the ratio of oxygen to neon constant while parameterizing the abundance of 24 Mg.
Later Kitaura et al. [16] presented simulation result of these cores (keeping capture rates on 24 Mg as a key ingredient)
using an improved neutrino transport treatment. Their outcome was not a prompt but a delayed explosion.
A smaller iron core present at the onset of the core bounce as well as the smaller gravitational potential of the collapsing cores of a 8-10 M ⊙ star do favor a prompt explosion. What remains certain is that microscopic and reliable electron capture rates and neutrino energy loss rates are needed for a careful study of the late stages of the stellar evolution of 8-10 M ⊙ stars and can contribute effectively in the final outcome of the simulations of O+Ne+Mg cores on world's fastest supercomputers.
Electron capture rates and the accompanying neutrino energy loss rates of matter in nuclear statistical equilibrium under conditions of high temperatures and densities are of prime importance in determining the equation of state of exploding stars. An accurate determination of neutrino emission rates is mandatory in order to perform a careful analysis of the final branches of star evolutionary tracks. A change in the cooling rates at the very last stages of massive star evolution could affect the evolutionary time scale and the configuration of iron core at the onset of the supernova explosion.
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Compared to shell model calculations by Wildenthal et al. [17] , the proton-neutron quasiparticle random phase approximation theory (pn-QRPA) gives similar accuracy in the description of light nuclei including beta-decay rates in sd-shell nuclide [18] . Nabi and Klapdor [19] , later, calculated weak interaction rates for 709 nuclei with A = 18 to 100 in stellar matter using the pn-QRPA theory. These included capture rates, decay rates, neutrino energy loss rates, probabilities of beta-delayed particle emissions and energy rate of these particle emissions (see also Refs. [20, 21] ).
Since then these calculations were further refined with use of more efficient algorithms, incorporation of latest data from mass compilations and experimental values, and fine-tuning of model parameters (e.g. Refs. [22 -25] The Gamow-Teller strength distributions in 24 Mg and the calculation of electron capture rates on 24 Mg using the pn-QRPA theory for O+Ne+Mg core simulations were presented earlier by Nabi and Rahman [23] . Here I present for the first time the pn-QRPA calculations of the neutrino and antineutrino energy loss rates due to 24 Mg in stellar plasma on a detailed temperature-density grid suitable for the simulation codes of O+Ne+Mg cores. In order to further increase the reliability of the calculated neutrino energy loss rates, I have incorporated all measured excitation energies (along with their log f t values) with definite spin and/or parity assignment, by either replacement (when they were within 0.5 MeV of each other) or manual insertion. The deformation parameter, δ, is recently argued to be one of the most important parameters in QRPA calculations [27] . For the case of even-even nuclei, experimental deformations are available [28] and were employed in this work. All these steps were taken to ensure the most reliable calculation of pn-QRPA neutrino and antineutrino energy loss rates due to 24 Mg in presupernova and supernova environment.
The paper is written as follows. Section II deals with the brief formalism of the pn-QRPA calculations. I present some of my calculated results in Section III. Comparisons with earlier calculations is also included in this section. I finally conclude in Section IV and at the end 
For the single-particle Hamiltonian, H sp , the single particle energies as well as wave functions were calculated in the Nilsson model (which takes into account nuclear deformations). The BCS model was used to calculate the pairing force, V pair . Two types of proton-neutron residual interactions were incorporated in these calculations namely the particlehole, V ph GT , and the particle-particle, V pp GT , interaction. The two interactions (separable in form) were characterized by two interaction constants: χ (for particle-hole interaction) and κ (for particle-particle interaction). In this work, the values of χ and κ was taken as 0.001 MeV and 0.05 MeV, respectively. (The reader is referred to [18, 29] for details of optimum selection of these parameters.) Other parameters required for the calculation of weak rates are the deformation, the pairing gaps, and the Q-value of the nuclear reactions. The calculated half-lives depend only weakly on the values of the pairing gaps [30] . Thus, the traditional choice of ∆ p = ∆ n = 12/ √ A(M eV ) was applied in the present work. The deformation parameter is as an important parameter for QRPA calculations as pairing [27] . As such rather than using deformations from some theoretical mass models (as used in earlier calculations of pn-QRPA capture rates) the experimentally adopted value of the deformation parameters for 24 Mg, extracted by relating the measured energy of the first 2 + excited state with the quadrupole deformation, was taken from Raman et al. [28] .
Q-values were taken from the recent mass compilation of Audi et al. [31] .
An estimation of uncertainties of the model and theoretical errors is important to establish the reliability of the calculated rates. The uncertainties related to the pn-QRPA model was discussed in detail in Ref. [32] . There the accuracy of the pn-QRPA model was compared to the experimental data for both β + and β − directions (see Table   I and Table II of Ref. [32] ) and an estimation of theoretical errors was given. The decay rate of even-even nuclei generally exhibits more or less a smooth behavior with respect to the deformation parameter (see Fig.2 of Ref. [18] and discussions therein). The dependence of the half-life on the pairing gaps is small and rather smooth (see Fig.   3 of Ref. [18] ). The half-lives are not very sensitive to a change of the Gamow-Teller interaction strength χ within a reasonable range and the relationship is almost linear [18] . On the other hand for large values of κ the lowest eigenvalue becomes complex. This indicates the "collapse" of the QRPA model and it is crucial to avoid values of κ which lie beyond the collapse. The redistribution of the β strength and the reduction of the sum of the Gamow-Teller 6 strength lead to a nonlinear dependence of the calculated half-lives as a function of κ [29] . Figs. (7 -10) of Ref. [29] show in detail how the observables of the pn-QRPA calculations vary with changes in κ. These analysis do explain that a small and acceptable change in the QRPA parameters does not have a dramatic dependence on the calculated rates.
The neutrino energy loss rates can occur through four different weak-interaction mediated channels: electron and positron emissions, and, continuum electron and positron captures. The neutrino energy loss rates were calculated using the formula
The value of D was taken to be 6295s [33] and the ratio of the axial vector to the vector coupling constant as -1.254 [34] . B of the electrons. They are explicitly given by
and by
In above equation w is the total energy of the electron including its rest mass, w l is the total capture threshold energy (rest+kinetic) for positron (or electron) capture. F(± Z,w) are the Fermi functions and were calculated according to the procedure adopted by Gove and Martin [35] . G ± is the Fermi-Dirac distribution function for positrons (electrons).
here E is the kinetic energy of the electrons and k is the Boltzmann constant.
For the decay channel Eqt. The total neutrino energy loss rate per unit time per nucleus is given by
where λ ν ij is the sum of the electron capture and positron decay rates for the transition i → j and P i is the probability of occupation of parent excited states which follows the normal Boltzmann distribution.
On the other hand the total antineutrino energy loss rate per unit time per nucleus is given by
where λν ij is the sum of the positron capture and electron decay rates for the transition i → j.
The pn-QRPA theory allows a microscopic state-by-state calculation of both sums present in Eqts. (7) and (8). In other words the pn-QRPA theory calculates the GT strength distribution of all excited states of parent nucleus in a microscopic fashion. This feature of the pn-QRPA model greatly increases the reliability of the calculated rates in stellar matter where there exists a finite probability of occupation of excited states. Further the pn-QRPA theory can handle any arbitrarily heavy system of nucleons since the calculation is performed in a luxurious model space of up to 7 major oscillator shells.
Details of the calculations of phase space integrals and reduced transition probabilities can be found in [20] .
III. RESULTS AND COMPARISON
The Gamow-Teller strength distributions, B(GT ± ), for 24 Mg were calculated using the pn-QRPA theory. Quenching of the GT strength was taken into account and a standard quenching factor of 0.77 was used. The calculation was performed for a total of 132 excited states of 24 Mg up to excitation energies in the vicinity of 40 MeV (corresponding to first 100 excited states) in the daughters 24 Na and 24 Al. The total calculated B(GT + ) and B(GT − ) strength came out to be 3.34 (quenched) and Ikeda sum rule was satisfied in the calculations.
In this section I present some of the results of the pn-QRPA calculated (anti)neutrino energy loss rates due to 24 Mg.
The reported rates are also compared against previous calculations. Fig.1 and Fig. 2 show four panels depicting the calculated neutrino and antineutrino energy loss rates, respectively, at selected temperature and density domain. It is pertinent to mention again that the neutrino energy loss rates (depicted in Fig.1 ) contain contributions due to electron capture and positron decay on 24 Mg whereas the antineutrino energy loss rates (Fig.2) the order of magnitude differences in neutrino energy loss rates as the stellar temperature increases (Fig. 1) . It can be seen from this figure that in the low density region the energy loss rates, as a function of stellar temperatures, are more or less superimposed on one another. This means that there is no appreciable change in the neutrino energy loss rates when increasing the density by an order of magnitude. There is a sharp exponential increase in the neutrino energy loss rates for the low, medium-low and medium-high density regions as the stellar temperature increases to T 9
=5. Beyond this temperature the slope of the rates reduces drastically. One also observes that the neutrino energy loss rates are almost the same for the densities in the range (10 − 10 6 )g/cm 3 as a function of stellar temperature. For a given temperature the neutrino energy loss rates increase monotonically with increasing densities.
As far as the antineutrino energy loss rates are concerned (Fig. 2 ) one again notes that the rates increase very sharply as T 9 approaches 5. The rates are again almost superimposed on one another as a function of stellar densities.
However as the stellar matter moves from the medium high density region to high density region these rates start to 'peel off' from one another. The antineutrino production rates are dominated by the capture of positrons due to 24 Mg with a relatively smaller contribution coming from the beta-decay of 24 Mg (see Eqt. (8)).
The current calculation was also compared with two earlier calculations of neutrino and antineutrino energy loss rates due to 24 Mg. Fuller, Fowler and Newman [36] (hereafter FFN) compiled the experimental data and calculated neutrino and antineutrino energy loss rates (besides other weak-interaction mediated rates) for the nuclei in the mass range A = 21-60 for an extended grid of temperature and density. The GT strength and excitation energies were calculated using a zero-order shell model. For the discrete transitions, for which the f t values were not available, FFN took log f t = 5.0. Later Oda et al. [26] did an extensive calculation of stellar weak interaction rates of sd-shell nuclei in full (sd) n -shell model space. They used the effective interaction of Wildenthal [17] and the available experimental compilations for their calculations. Fig.3 (Fig.4) depicts the comparison of the pn-QRPA neutrino (antineutrino) energy loss rates with those calculated using shell model (OHMTS) [26] and those by FFN [36] . The ordinate represents the log (to base 10) of the calculated energy loss rates in units of MeV/s. The left panel depicts the different calculated energy loss rates at density 10 3 gcm −3 , the middle panel at density 10 7 gcm −3 and the right panel at density 10 11 gcm −3 . The shell model rates are usually in good comparison with the corresponding FFN rates. The calculated pn-QRPA rates are enhanced. Table   I shows the ratio of the calculated neutrino energy loss rates to those of Oda et al. [26] and FFN [36] calculations. In the table R ν (QRP A/OHM T S) denotes the ratio of the reported neutrino energy loss rates to those calculated using the shell model whereas R ν (QRP A/F F N ) gives the corresponding ratio for the FFN calculations. The reported rates are more than a factor 15 enhanced as compared to the shell model rates in the presupernova conditions. The shell model rates are slightly enhanced at T 9 = 30 (at high densities the pn-QRPA neutrino energy loss rates again surpass the shell model rates). The collapse simulators should take note of this enhanced neutrino energy loss rates which favor cooler cores with a lower entropy. It is important to note from Table I that, in comparison to previous calculations, the QRPA rates are most enhanced around T 9 ∼ 1.5 − 2 (i.e. during the presupernova evolution of O+Ne+Mg cores).
The ratio then starts decreasing with increasing T 9 . The enhancement of the QRPA rates around T 9 ∼ 1.5 − 2 may be traced back to the enhanced electron capture rates on 24 Mg [37] leading to an enhanced production of non-thermal neutrinos around these temperatures. It may also be seen from Table I that at high temperatures (T 9 ∼ 30) the ratios are in good agreement with previous calculations.
The story is different for the comparison of antineutrino energy loss rates (Fig.4) . This time the shell model rates and FFN rates are much more enhanced compared to pn-QRPA calculations. Nevertheless the antineutrino energy loss rates are very small numbers and can change by orders of magnitude by a mere change of 0.5 MeV, or less, in parent or daughter excitation energies and are more indicative of the uncertainties present in the calculation of the excitation energies.
Table II finally presents the calculated neutrino and antineutrino energy loss rates due to 24 Mg on a detailed temperature-density grid suitable for simulation purposes. Here Column 1 shows the stellar density in logarithmic scales to base 10 (in units of gcm Table II is also available and can be received from the author upon request.
IV. CONCLUSIONS
There exists a wide variety of discrepant results in the supernova simulations of O+Ne+Mg cores including prompt explosions, delayed explosions and no explosions. Varying results of the simulations of O+Ne+Mg cores ask for a more careful analysis of the precollapse evolution. A large number of input parameters are required for these simulations to run and a reliable calculation of these parameters can certainly reduce the large uncertainties involved. Neutrino energy loss rates are one of the key input nuclear physics parameters responsible for cooling the stellar cores and thereby reducing its entropy. The pn-QRPA calculations of the neutrino energy loss rates due to 24 Mg are presented here on a detailed temperature-density grid suitable for simulation codes. The pn-QRPA calculations gives similar accuracy in reproducing weak interaction mediated rates in sd-shell nuclide [18] and is employed here using maximum possible experimental incorporations to further increase the reliability of the calculated numbers.
Recent simulations of O+Ne+Mg cores [15, 16] employ the weak interaction rates of shell model [38, 26] , respectively.
The reported neutrino energy loss rates are up to a factor of 15 enhanced as compared to shell model results. These enhanced numbers favor cooler cores with lower entropies. Can the enhanced reported neutrino energy loss rates lead to any change in the outcome of simulation results on O+Ne+Mg cores? Let us recall that in the simulations neutrino heating is a favored mechanism for revival of the stalled shock wave. The reported neutrino energy loss rates due to 24 Mg and other nuclei of astrophysical importance (see e.g. Ref. [32] ) employed preferably in a multi-dimensional model, with neutrino transport included consistently throughout the entire mass, accounting also for a complete treatment of multidimensional convection and burning phases might lead to some interesting outcome and answers.
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(log(ρY e ), T 9 ) R ν (QRP A/OHM T S) R ν (QRP A/F F N ) 24 Mg for different selected densities and temperatures in stellar matter. log(ρY e ) has units of gcm −3 , where ρ is the baryon density and Y e is the ratio of the electron number to the baryon number. Temperatures (T 9 ) are measured in 10 9 K. E f is the total Fermi energy of electrons including the rest mass (M eV ). λ ν are the total neutrino energy loss rates (M eV s −1 ) due to β + decay and electron capture on 24 Mg . λν are the total antineutrino energy loss rates (M eV s −1 ) due to β − decay and positron capture on 24 Mg. The calculated rates are tabulated in logarithmic (to base 10) scale. In the table, -100 means that the rate is smaller than 10 −100 . 
